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The present invention relates to a method for arranging a polymer molecule such as a syn- 
thetic polymer and macromolecule with biological activity (biomolecule). e^eciaUy deoxyri- 
) bonucleic acid (DNA), RNA, polysaccharides or proteins on a support 

ControUmg and manipulating conformation and position of polymer molecules with 
nanometric resolution on smfece represents a m^or industrial chaUenge m the field of 
nanotechnology, for example m sensors or controlled molecular assembUes and molecular 
electronic devices, or alternatively m problems of detection and analysis, for example gene 
probe analysis (cf. U.S. patent 6,376,177). 

It may be useful, especially in case of molecular devices, to have not only straight (linear) 
molecular conformations but the opportunity to arrange any desired conformation of a poly- 
mer molecule and to achieve an exact positionmg of polymer molecules viUi respect to each 
other on the surfece. Syntiietic organic compounds such as aromatic dendrimers ^ ma- 
mpulated on the surfece for tins purpose (L. Shu et al, Angew. Chem. 1 13 (2001) 4802). 

With respect to polymers which have coUed or heUcal conformation stabilized by mtra- 
molecular bonds such as hydrogen bonds, for example ds-DNA, it would be usefol to have the 
ability to over-stretch the molecular chain on the surface to feciUtate direct analysis of single 
polymer chaux sequence (R.H. Austin et aL, Strotch genes. Physics Today, 2 (1997) 32-38). 

One of the most mteiesting molecular objects to be arranged on tiie surfece at nanometric 
scale is DNA. Studies of DNA on the genetic level are progressing dramaticaUy along with 
genetic engmeering and molecular biology. DNA is the fundamental material in life science 
In polymer science it is regarded as a naturaUy occumng and highly specific functional bio- 
polymer with a diameter of ti« mam chain aromid 2 nm which has a polymer unit (base) in- 
formation every 0.3 mn. Dififerem efforts have been made for manipulating and fixmg ar- 
rangements of DNA for experimental studies. Most investigations m tiiis area are concerned 
^th the study of DNA molecules situated in a volume of solution or hydrogels i.e. when mam 
part of mvestigated DNA is supported in dissolved state. In this way DNA -electrophoresis 
was performed on a speciaUy structured chip (W.D. Volkmuth, R.H. Austin. Nature 358 



(1992) 600) and only paiiial orientation of molecules in parallel to the electrical field was 
observed. 

In order to stretch DNA for experimental investigations micro-beads have been chemically 
5 attached to one end of DNA placed in a fluid chamber (see for example Smith et al.. Science 
258 (1992) 1 122). The other end of DNA can be also fixed. Afterwards a mechanical, mag- 
netic or other field is applied to the bead to stretch DNA. However, as mentioned above, 
these methods are concerned with DNA manipulation in liquid volume, and they do not allow 
DNA manipulation and arrangement on a surface. 

10 - - ^ 

An attempt to arrange DNA on a surface was perfomied by deposition of molecules on the 
sur&ce tihrough the water removal with followed fabrication of a variety of DNA network 
structures by organic solvent treatment such as ethanol treatment (T. Kanno et al., AppL Phys. 
Lett,, 77 (2000) 3848). This method, however, is rather usable for preparing a DNA- 

1 5 containing aggregated film and does not allow for manipulation of single polymer molecules. 

U.S. 6,303,296 discloses a method for aligning DNA on a surface of a support such as modi- 
fied glass, wherein one end of DNA is anchored to the surface and the rest of the molecule is 
dissolved in an aqueous mediumu Subsequently the liquid is removed through the displacing 

20 by gas (air) and the anchored DNA is subject to a gas-liquid-surface menisciis movement In 
result DNA molecules are elongated and oriented perpendicular to the meniscus line. This 
method is referred to as ^Molecular combing'^ This method was also applied for atomically 
flat substrates such as mica. Several attempts have been made to optimize molecular comb- 
ing, for example by use of moving droplets and coating of a support surface on which DNA is 

25 anchored (Nakao et. al., Nano Letters 2 (2002) 475). Molecular combing can provide only a 
linear conformation of the aligned polymer. It does not allow positioning single molecules 
with respect to each other. The over-stretching of DNA was not observed upon application of 
the molecular combing method, because mechanical forces developed by moved meniscus are 
relatively weak. Molecular combing does not allow the manipulations of a single polymer 

30 (DNA ) molecule. Being once bound from the solution to the surface of support and dried, the 
IJNA molecules can not be furttier manipulated to another coiifomation.'An attempt to move 
a „molecularly combed" molecule or its part, for example with assistance of AFM-tip (AFM — 
"Atomic Force Microscopy^')* causes just cutting of polymer chain. 



Thus, it is the object of present invention to overcome the drawbacks of the methods of prior 
art and provide an improved method for arranging a polymer molecule on a support in such a 
manner that the polymer molecule can be manipulated to and can be fixed in arbitrary con- 
formations and positions on the support sur&ce. 

According to the invention a method for arranging a polymer molecule such as a biomolecule 
on a support is provided, the method comprising the following steps: providing a substrate 
having a sur&ce; providing a surfece layer on said surface of the substrate, said substrate and 
said surface layer providmg a support; and placing a polymer molecule on said surface layer 
in a first position, said polymer molecule having a first conformation on said surface layer; 
wherein said surface layer is configured to adjust predefined molecular interaction between 
the polymer molecule and said support to allow fixing of the first conformation of the poly- 
mer molecule, and dislocating at least part of the polymer molecule across said siirface layer 
relative to said support by an external force. 

Different to all methods known firom prior art, the inventive method allows adjustment of ar- 
bitrary conformations of a polymer molecule on a surface, not only straight linear alignment, 
including, for example, proper arrangement of branched or/and circular polymers like circular 
DNA. The surface layer provides optimized molecular interaction between the polymer mole- 
cule and die support Compared to the known method of molecular combing, there is no need 
in moving meniscus for alignment of polymer molecule. Even single polymer molecule may 
be arranged in predefined conformations. 

It is a fiirther advantage of the method according to the invention that not only adjustment of 
the conformation of single polymeric molecules can be achieved, but also exact positioning of 
one individual polymer molecule with respect to another molecule of the same or different 
kind which is also situated on the surface layer may be performed. To achieve exact confor- 
mation and position of each molecule, situated on the support alone or as molecular assembly, 
is especially useful for the whole area of molecular- and nano-devices. 

In addition, the defined adjustment of the molecidar interaction between the polymer mole- 
cule and the support by means of die surface layer allows to (over)stretch the polymer mole- 



cule and to fix it in a stretched conformation which is of interest for investigating such poly- 
noiers like ds-DNA. . , . 

It is well recognised that conventional lithography-based technology for production of com- 
5 puter chips is fast approaching the limits of its capabilities. Molecular electronics-based 
computation has attracted attention because it addresses the ultimate in dimensionally scaled 
systems: the ultradense and molecular scale. Polymer molecules that could replace parts of 
computer chips are known for some time, but it is still an open question how to place them on 
a chip in order to make working electrical circuits. The inventive method for controllable 
10 arranging polymer molecules on surfaces gives such opportunity. . - . . .. 

Exemplary embodiments of the invention are described in detail in the following description 
in relation to accompanying drawings. In the figures: 

Figure 1 shows a schematic representation of a support with a polymer molecule; 

15 Figure 2 shows a schematic representation for description of a conformation 

change of a polymer molecule; 
Figure 3 shows a schematic representation for description of stretching or over- 

stretching a polymer molecule; 
Figure 4 shows an example for manipulation of DNA molecules; 

20 Figure 5 shows orientation of DNA on the axes of surface layer composed from 

CH3(CH2)i7NH2 

Figure 6 shows orientation of poly-(allylamine)hydrochloride (positively 

charged poly-electolyte); 
Figure 7 shows a schematic representation for description of different embodi- 

25 ments of pre-orientation of a polymer molecule on a 2dim-crystallized 

sur&ce layer; 

Figure 8 shows orientation with simultaneous assembling of polystyrenesulpho- 

nate sodium salt (PSS); 

Figures 9A and 9B show manipulation of adsorbed polystyrenesulphonate sodium salt with 

-30.. . _ . — . assistance.of water.treatment; . ........ 

Figure 10 shows an example for not altering a surface layer with temperature at 

40^*0 and 50X, respectively; and 



# 5. • 



10 



Figure 1 1 shows the example for altering a surface layer (cf. Figure 10) with tem- 

perature at 60°C. 

For further understanding of the invention it wiU be useful to provide some additional defini- 
tions and explanations. The terais ..polymer" or ''polymer molecule" as used here correspond 
to a special class of organic compounds which posses unique ..polymeric" features. For ex- 
ample, being one mtegrated big molecule polymers behave in many tests as a set of indqpend- 
ent particles where each particle corresponds to a piece of the polymeric chain wiA a certain 
length, which depends on the test method. Such pieces are named ..thermodynamic segment", 
^mechanical segment", „persis1ent length** etc.; To be considered as a polymer the length of a 
molecule (or ftee path length between branching or cross-lmkmg pomts) shall contain at least 
the length of such segment Besides of first order temperature transitions like melting poly- 
mers exhibit many additional specific bulk transitions and states like a glass transition, a-, p- 
and y-transions (e.g. in polyethylene), elastic state etc. Further details can be found in: P.J. 
15 Flory. "Prmciples of Polymer Chemistry*', 16* ed., Cornell University Press, N.Y., 1995. 

Polymers within the scope of the present application include aU known classes of synthetic 
and natural („biomolecuIes" ) polymers, including polyolefines, polyamides, polyestera, poly- 
ethers, sUicones. polysilanes. any kind of polyelectrolytes. ionic polymers (where the mam 
chain is composed fi»m bivalent ions), ss- and ds-DNA, the various proteins, lipoprotems, 
polysaccharides etc. Polymers comprise also any kmd of co-polymers. A polymer can be ii! 
form of a complex with another polymer, such as a polyelectrolyte complex, or with low or 
middle molecular weight organic or inorganic substances or ions. A polymer can be used as a 
one kmd polymer or as a complex or as any desued combination thereof. 
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Now turning to Figure 1, a polymer molecule 1 is placed on a support 5 provided by a sub- 
strate 3 and a surface layer 4. The polymer molecule 1 interacts with the support 5 and a me- 
dium 6 surrounding the polymer molecule 1. If interaction with the siq>port (Is) 5 is stronger 
than interaction with the medium (Im) 6 i.e when: 

Is > Im (1) 



then the polymer molecule 1 is considered to be placed (situated) on the support 5. If situa- 
tion is reversed, i,e.: 

Is<Im (2) 

5 

then the polymer molecule 1 leaves from the support 5 to the medium 6 (e.g. dissolved) and it 
is not considered anymore as placed (situated) on the support 5, even if one end of polymer 
chain is anchored to the support. 

10 ^ The support 5 comprising the substmte 3 and the surface layer 4 may be any material whose 
cohesion and chemical stability are sufBcient to withstand the conditions of the method ac- 
cording to invention. The support 5 may consist of an organic or inorganic substance such as 
organic or inorganic polymer, metal, metal oxide, sulfide or salt with organic or inorganic 
acid, semiconductor element or an oxide of semiconductor element, optical element or com- 

15 bination thereof such as glass or ceramic. Examples particularly comprise glass, quartz, sur- 
face oxidized silicon, graphite (including "Highly Oriented Pyrolytic Graphite" - HOPG), 
mica and molybdenum sulfide. As support 5, there may be used flat supports such as slides, 
especially atomically flat supports, but also beads, particles, bars, fibers or a stmctured sup- 
port. 

20 ^ 

The surface layer 4 having a certain thickness (depth) is a surface molecular or atomic upper 
layer of the support 5 which is physico-chemically different firom a volume part of the siqjport 
5 namely the substrate 3. The surface layer 4 can be present just as the upper layer of the sub- 
strate 3, with or wifliout fecial chemical, physico-chemical or plasma-chemical mocUfication 

25 of the surface 2. As the simplest case one can provide a substrate such as fi:eshly cleaved 
HOPG or mica and the upper atomic layer (which itself differs fi»m the underlying structure) 
of this substrate inunediately develops a surface layer through the adsorption of the compo- 
nents of surrounding medium (e.g. gas molecules firom the atmosphere). In case of most of 
the industrial polymers the surface layer 4 occurs at production step firom the melt or hot so- 

30 lutions through the oxidation of the surface 2 by atmospheric oxygen. 

The surface layer 4 can be specially constructed through the chemical modification of the 
substrate surface 2 (introduction of new fiinctional groups) by conventional chemical reac- 



tions or by special methods like plasma-chemical modificatioiL In this case the surface layer 
4 is an inherent part of the support 5 integrated to the substrate 3 (support volume) through 
val«ice bonds. 

On the other hand, the surface layer 4 can comprise of any adsorbed mono- or multi- 
molecular layer which is bound to the substrate 3 by physical forces (like London or van-der- 
Waalse forces), by any kind of charge interaction (like Coloumb forces, dipole-dipole inter- 
actions), by other interactions like hydrogen bonds or by any combination of such binding 
forces. Accordingly, in the scope of the present invention the surfece layer 4 can be formed 
by any desired kind of coating which includes^ but which is not limited to casted coatings, 
spinrcoatings, vacoum-ev^orated and plasma-dqposited coatings, organized molecular layers 
like Langmmr-Blodgett layers, polyelectrolyte complexes and polyelectrolyte multi-layers 
made by Layer-by-Layer assembly technique, two-dimensional (2D)-cristalU2ed layers com- 
posed from low-, middle- or high-molecular (includmg polymers) weight substances. During 
molecular arranging (manipulating) according to the method of the present invention the sur- 
fece layer 4 can stay unchanged or it can change, e.g. it can change the surface charge, hydro- 
phobic-hydrophilic balance or it can move together with manipulated polymer under external 
force. 

The surface layer 4 can have certain zones (areas) or directions (axes) - "Sites" of preferential 
adsorption with respect to the polymer to be arranged. At these Sites the Is is sufficiently 
different from the rest of the surface, thus the polymer initially adsorbed on flic surfece can 
have already certain orientation which is due to flie external force developed by said sites and 
which influences also flie further molecular arranging processes. Such sites are comprising, 
but not limited to surfece defects such as grooves, networks, borders between crystalline do- 
mains etc., occurring naturally or artificially in flie surface layer. In a preferred embodim«it . 
flie surface layer has a 2D-cristaUized structure, especiaUy composed from amphiphyUc mole- 
cules, where said sites comprise linear lamellar dnections (axes) and borders between neigh- 
boring 2D-arystalline domains. 

In case flie polymer molecule 1 (cf Figure 1) is responsive to electric or magnetic fields, flien 
to adjust the mteraction between ttie polymer molecule I and tiie support 5 at stage of mo- 
lecular dislocation, a magnetic or an electric field can be used which acts perpendicularly (or 



at certain angle) to the surface 2 to reduce the binding force between the polymer molecule 1 
and the support 5 and to enhance the molecular mobility up to a level when dislocating across 
the support 5 becomes possible. For instance, the field can orient molecular parts in the poly- 
mer molecule 1 or the surfece layer 4, which influences the interaction between the two. . 

5 

One can enhance the molecular mobility and allow dislocating of a polymer molecule on the 
support not only by application of external fields, but also by excitation of the polymer, the 
support, or a complex of the polymer with the surfiice layer by light At properly chosen ex- 
citation conditions the conformation and the position of the excited molecule will be still 
10 fixed on the surface but a dislocation of the motecule or its^part under external force will be 
possible without polymer chain breakage. For instance, the ligiht can reduce the glass transi- 
tion temperature of tiie surface layer, thereby changing the interaction between the polymer 
molecule and the support. 

15 In case the aim of manipulation is to stretch or over-stretch the polymer molecule 1 it could 
be useful to anchor at least one end of the polymer 1 to the support 5 to prevent the movement 
of the polymer molecule 1 as a whole imder external field. For example, to assay the base 
pairs sequence of DNA it could be very useful to stretch and over-stretch the polymer mole- 
cule 1 to make each base pair more available for analysis. Another possible task of anchoring 

20 is reliable fixation of different polymer molecules with respect to each other, to avoid dis- 
placing of tibie molecular position under manipulation or under the change of surrounding 
conditions. Such task is especially important for molecular arrays and molecular chips. 

As a support S to which the polymer molecule 1 is anchored one can use also particles, fibers 
25 and oHxer objects. For example, if one uses electric or magnetic field or optical tweezers to 
develop external force and to approach proper placing of the polymer molecule 1 or to stretch 
it, in case when the polymer molecule 1 itself is not sensitive enough to such field, then it 
could be useful to link the polymer molecule to an object which is sensitive to the field (e.g. 
to an iron nano- or micro-particle). 

30 

Single molecule force spectroscopy on polysaccffarides using" a~forc"e microscopy set-up re- 
vealed that a single polymer can withstand forces between 1,5 and 2 nN before breaking (cf. 



M. Rief et al.. Science 275 (1997) 1295). The force required to manipulate a polymer across a 
surface should therefore be smaller in order to avoid breakage during the manipulation. 

Referring now to figures 2 and 3, in an extreme case the geometry of binding sites, the ad- 
sorption process and the interaction of the polymer molecule with said sites (attractive forces 
or "Force ftame" developed by site with respect to polymer) can be organized very perfectly 
with achievemait of desired configuration and position of polymer aheady at step of initial 
polymer adsorption onto surface layer. In this case only very minor corrections/anangemsnts 
of mitial configuration/position will be necessary to be performed, if any. After step of plac- 
ing the polymer molecule on such surface layer one can change a l ** conformation to a 2"** 
conformation (e.g. with higher orientation degree and longer pieces of polymer chain 
stretched on the sites). Changing a polymer chain 20 from a l** conformation 21 to a 2"** con- 
formation 22 is schematically depicted in Figure 2, 



Sometimes just an increased temperature can be used, or the system is just kept a certain 
while under a specific medium which decreases Is (or increases Im ) and allows polymer chain 
to approach new conformation in the field offeree developed by sites. In this case no special 
external force is required. If already 1*' observed conformation meets the requirements of 
given application, it means that molecules are aheady properly arranged during adsorption 
process under the forces developed by sites and no further operation is requested. In this case 
the steps of achievement of 1"* and 2"** conformations and molecular arrangement proceed 
simultaneously in one step. 



The term external force as used m the present appUcation is any external (with respect to the 
25 polymer molecule 1 m Figure 1) force ^phed to the polymer molecule to be arranged on the 
support 5. The external force can be appUed perpendicular or at certam angle with respect to 
the mam polymer cham 20 (cf. Figure 2) or axial, i.e. parallel to the main polymer chain (cf. 
Figure 3). In the last case the polymer will be stretched and over-stretched (if polymer chain 
has helical (coiled), double heUcal or Zig-Zag or analogous conformation, see Figure 3. An 
30 external force can be applied directly to the polymer chain or through any substrate like parti- 
cle, fiber etc., to which the polymer is anchored. External force may be attractive force de- 
veloped by "Sites" mentioned above. 



Referring to Figures 4 to 11, examples of the method according to the invention. Figure 4 
shows the result of manipulating and positioning a DNA chain on the support surface (writing 
word "Science" on the surface by DNA-molecules)* Details of the method performed are as 
follows. Chloroform solution of CH3(CH2)uNH2 at concentration of 3x10'^ g/1 is spin coated 
S (40 tps) on freshly cleaved graphite surface and dried at 35^ C for 10 minutes in air. DNA 
(DNA set: Step-Ladder 1018 produced by Mo Bi Tec GmbH, Germany) was diluted by water 
(purified by millipore Milli-Q Sybthesis AlO system) to concentration 10'^ g/1 and diluted 
DNA solution was deposited on the graphite surface for period firom 5 to 30 seconds and re- 
moved by bringing sample in rotation (40 rps)« Altemadvely applied DNA solution could be 

10 blown away with compressed gas (nitrogen) or shaken out The single DNA molecules on the 
surface were imaged and manipulated with Scanning Force Microscopy (SFM) tip, (Nano- 
scope nia. Digital Instruments, USA), an E-scanner in a range of scan lengths jfrom 5 \im to 
0.3 Jim, and commercial Si cantilevers (length 125 |j.m and width 30 jim) with spring con- 
stants between 17 and 64 Nm'^ were used. Imaging is performed in tapping mode, manipula- 

15 tion is performed by bringing tip in contact with sample and moving the tip in desired direc- 
tion (best analogue is the manipulation of a rope which lies free on a table by vertical pen). 
This example shows features of the metiiod according to invention, namely ability to precisely 
manipulate individual polymer molecule to any desired conformation (shape) and to arrange 
exact position of several molecules on the surface. 

20 

Figure 5 shows orientation of DNA on the axes of surface layer composed from 
CH3(CH2)i7NH2« In this case the method described in relation to Figure 4 is repeated except 
CH3(CH2)uNH2 is replaced by CH3(CH2)i7NH2. DNA is oriented spontaneously during ad- 
sorption on the surface layer with appearance of a few hundred nanometers long stretched 
25 DNA parts. 

Figure 6 shows orientation of poly-(allylamine)hydrochloride (positively charged poly- 
electolyte). On the axes of surface layer composed from CH3(CH2)i7COOH the method de- 
scribed in relation to Figure 4 is repeated where the DNA is replaced by poly- 
30 (allylamine)hydrochloride, the CH3(CH2)uNH2 is replaced by CH3(CH2)i7COOH and poly- 
mer solution has concentxation 10~^ g/1. An example of „weak^' complex formation between 
polymer and surface layer, i.e. the polymer molecule perturbs the surface layer only slightly 
without changing its inteprity, in lattice paramters etc., with appearance of single isolated 



polymer molecules M*ich are oriented with stretching is schematically illustrated in Figure 7 
(upperpart). . ... ... 



Orientation with simultaneous assembling of polystyrenesulphonate sodium salt (PSS) (pQsi- 
tively charged polyelectrolyte) is shown in Figure 8. The me&od described m relation to Fig- 
ure 5 is repeated where the DNA is r^laced by PSS except drying for 10 min at 35<» is ex- 
cluded. The example depicted in Figure 8 iUustcates „stiong'« complex formation with aM)ear- 
ance of dense assbmblies of oriented and stretched polymer molecules. This situation is 
schematically illustrated in Figure 7 (lower part). 

Figures 9A and 9B diow manipulation of adsorbed polystyrenesulphonate sodium salt (PSS) 
with assistance of water treatment In Figure 9A, the method described above in relation to 
Figure 8 is reproduced except of additional mteimediate drying of surface layer composed 
from CH3(CH2)i7NH2 for 10 min at 35°C. To receive the result shown in Figure 9 the sample 
depicted in Fig. 9A was treated by water for 5 min. The examples in Figure 9A and 9B illus- 
trate the opportunity to perform manipulation of polymer molecules by change of surrounding 
medium (i.e. through the adjustment of Is and I„ ) in the field of forces developed by special 
zones of structured surface layer. 

Figure 10 shows an example for altering a surface layer (amphiphiUc molecules on graphite) 
with temperature. Below ~55°C the surfece layer is crystalline and keqjs appUed polymer 
molecules immobilised. At ~55«C the sur&ce layer melts, thereby allowing the polymer 
molecules to diSuse. At 600C a series of 5 images has been recorded with a scanning force 
microscope, demonstrating that the two mariced polymer molecules diffuse across the surfece 
(see Figure 11). 

The features disclosed in this specification and/or the claims may be material for the realiza- 
tion of the invention in its various embodiments, taken in isolation or in various combinations 
fliereof. 



Humboldt Universitat Ji^erlin. 

FBP11520 _ 

EPO - Munich 
20 



Claims .17. Sep. 2002 



1. A method for arranging a polymer molecule such as a biomolecule on a support, the 
method comprising the following stqps: 

- providing a substrate (3) having a surface (2); 

- providing a surfece layer (4) on said surface (2) of flie substrate (3), said substrate (3) 
and said surfece layer (4) providing a siq)port (5); and 

- placing a polymer molecule (1) on said surface layer (4) in a first position, said pol^ 
mer molecule (1) having a first conformation on said surfece layer (4); 

wherein said surface layer (4) . is configured to adjust predefined molecular interaction 
between the polymer molecule (1) and said siq>port (5) to allow fixing of the first con- 
formation of the polymer molecule (1), and dislocating at least part of the polymer mole- 
cule (1) across said surfece layer (4) relative to said support (5) by an external force. 

2. The method according to claim 1. wherem the method comprises a step for subsequentiy 
fixing the polymer molecule (1) on the surface layer (4). 

3. The method according to claim 1 or 2, vs*terem the mefliod comprises a step for dislocat- . 
ing the polymer molecule (1) across said surfece layer (4) by manipulation of said first 
conformation of tiie polymer molecule (1) to a second confi>rmation different fiom the 
first conformation of tiie polymer molecule (1), and fixing tiie polymer molecule (1) on 
the surfece layer (4) in said second conformation by means of said molecular interaction 
between tiie polymer molecule (1) and said support (5). 



4. 



5. 



The method according to one of tiie preceding clauns, wherein tiie metiiod comprises a 
step for dislocating tiie polymer molecule (1) across said surfece layer (4) by changing 
said first position of tiie polymer molecule (1) to a second position different from tiie first 
position on tiie surface layer (4), and fixmg tiie polymer molecule (1) on tiie surface layer 
(4) in said second position by means of said molecular interaction between tiie polymer 
molecule (1) and said support (5). 

The metiiod according to one of tiie preceding clauns. wherein in dependence on tiie 
polymer molecule (1) and tiie substrate (3) tiie surface layer (4) is configured to adjust 




force required for dislocating the polymer molecule (1) across the surface layer (4) is 
smaller than about 2I3N. 

6. The method according to one of the preceding claims, wherein the step of providing the 
5 surface layer (4) on said surface (2) of the substrate (3) comprises a step of forming do- 
mains and/or axes and/or further binding sites in said surface layer (4). 

7. The method according to claim 6, wherein said external forces comprise attractive forces 
provided at least partly by said dojnains and/or axes and/or furflier binding sites hi said 

10 surface layer (4). 

8. The method according to one of the preceding claims, wherein the surface layer (4) is self 
assembling. 



15 9. The method according to one of the preceding claims, wherein said step for providing the 
surface layer (4) on said surface of the substrate (5) comprises a step for using one or 
more of the following methods: 

- a chemical method with appearance of new chemical functionalities covalently bound 
to said surface (2) of the substrate (3); 

20 - plasma-chemical method; 

- thin or ultra-thin coating applied by surface adsorption method; 

- thin or ultra-thin spin-coating; 

- thin or ultra-thin coating applied by vacuum deposition method; 

- a Langmuir-Blodgett technique or a self-organized film technology; 
25 - Layer-by-Layer polyelectrolyte assembling; and 

- 2D-cristallization of low-, middle- or high molecular weight substances or their com- 
plexes on the surface. 



10. The method according to one of the preceding claims, wherein the method further com- 
30 prises a step for altering said molecular interaction between the polymer molecule (1) and 

said support (5). 
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1 1. The method according to claim 10, >^erein said step for altering said molecular interac- 
tion comprises a step for placing the surface layer (4) with the polymer molecule (1) pro- 
vided thereon into a liquid medium. 

12. The method according to claim 10 or 11. wherein said step for altering said molecular 
interaction comprises a step for drying the surface layer (4) with the polymer molecule 
(1) provided thereon. 

13. The method according to one of the claims 10 to 12, wherein said step for altering said 
molecular interaction comprises a step for changing a temperature of the surface layer 
(4). 



14. The method according to one of the claims 10 to 13, wherein said step for altering said 
molecular interaction comprises a step for applying an electric or/and magnetic field ori- 
ented perpendicular or at certain angle with respect to the surface of the support (5). 

15. The method according to one of the claims 10 to 14, wherein said step for altering said 
molecular mteraction comprises a step for exciting the polymer by light 

16. The method according to one of the preceding claims, said external foiw is pro- 
vided by using one of the foUowing fields: electrical filed, magnetic field, optical field 
and mechanical field, or any combination thereof. 

17. The method according to one of the preceding claims, wherein a scanning probe micro- 
scope (SPM) is used for flying said external force. 

18. The method according to one of the preceding claims, wherein the polymer molecule (1) 
comprises a polynucleotide such as DNA or RNA, a polypeptide such as protein, an anti- 
body or antigen-antibody system, a polysaccharide, or a desired mixture of biomolecules 

19. The method according to one of the preceding clafans, wherein said surface layer (4) 
comprises an inorganic polymer, an organic polymer, an organic low molecular sub- 
stance, a metal, a metal oxide, a sulfide, a semiconductor, or an optical element, or a any 
combination tha»of . 



20. The method according to one of the preceding claims, wherein the substrate (5) is atomi- 
callyflat. 

5 21. The method according to one of the preceding claims, wherein the substrate (5) com- 
prises glass, surface oxidized silicon, gold, molybdenum sulfide, highly oriented pyrolitic 
graphite (HOPG) or mica. 

22. The method according to one of the preceding claims, wherein the method comprises a 
1 0 step for anchoring at least one end of the polymer molecule (1) to the support (5). 

23. The method according to one of the preceding claims, wherein the method comprises a 
step for anchoring at least one end of the polymer molecule (1) to be arranged to a fiber, 
micro-particle or nano-particle. 

15 

24. A product provided to according one of the claims 1 to 23, wherein a polymer molecule 
(1) such as a biomolecule is arranged on a surface layer (4) provided on a surface of a 
substrate (5) in a first conformation, said substrate (5) and said surface layer (4) providing 
a support (5), and said surface layer (4) being configured to adjust predefined molecular 

20 interaction between the polymer molecule (1) and said support (5) to allow fixing of the 

first conformation of the polymer molecule (1), dislocating at least part of the polymer 
molecule (1) across said surface layer (4) relative to said support (5), and subsequently 
fixing the polymer molecule (1) on the surface layer (4). 

25 25. Use of a method according to one of the claims 1 to 23 or a product according to claim 23 
for recognition, detecting or analysis of a component of siirrounding medium or/and of a 
polymer molecule (1) to be arranged. 

26. Use of a method according to one of the claims 1 to 23 or a product according to claim 23 
30 for recognition, detecting or analyzing of a molecule or chemical groups of a surface 

— -layer-(4).- . . _ _ . , _ 

27. Use of a method according to one of the claims 1 to 23 or a product according to claim 24 
for constructing a molecular device. 
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Abstract 

The invention relates to a method for arranging a polymer molecule such as a biomolecule on 
a support, the method comprising the foUowing steps: providing a substrate (3) having a sur- 
face (2); providing a surface layer (4) on said surface (2) of the substrate (3), said substrate (3) 
and said surface layer (4) providing a support (5); and placing a polymer molecule (1) on said 
surface layer (4) in a first position, said polymer molecule (1) having a first confonnation on 
said surface layer (4); wherein said surfece layer (4) is configured to adjust predefined mo- 
lecular interaction between the polymer molecule (1) and said support (5) to allow fixing of 
the first conformation of the polymer molecule (1), dislocating at least part of the polymer 
molecule (1) across said surfece layer (4) relative to said support (5) by an external force, and 
subsequ^tly fixing the polymer molecule (1) on the surface layer (4). (Figure 1) 
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